Abstract: Simulation is useful to engineers when the model parameters will be calibrated and validated with the real system. Microscopic analysis is used in this study to get macroscopic output for developing pedestrian flow models. Pedestrian characteristics on sidewalk facility in India have been considered to observe performance of pedestrians in VISWALK. The calibration of the model parameters was carried out with the adjustment of model parameters such as Tau, lambda, social forces from other objects etc. Constructed model was validated locally and globally. In this study mean absolute error and root mean square error values were observed to measure accuracy of the model output for validation purpose. Real and simulated data were compared considering fundamental flow diagrams and flow parameters. Developed models and estimated values of flow parameters such as free flow speed and capacity were compared with the real data and estimated error was less than 10%. Scatters in the field data is more as comparing to simulated data in Indian context.
Introduction
Pedestrian traffic flow modelling involves m at he m at ic a l re l at ion s h ip s a mon g fundamental parameters of traffic stream. Many models have been developed based on macroscopic and microscopic approaches. In macroscopic study, group movements of pedestrians i.e. stream characteristics are considered for f low characterization. Flow models describe the relationship between speed, flow and density with the fundamental diagram. Flow parameters such as Speed, Flow, Density/ Space are basic inputs for pedestrian flow modelling in macroscopic approach. The secondary flow parameters are estimated using these models for instance free f low speed and capacity can be computed and used to evaluate the efficiency of the facility.
In this study macroscopic pedestrian flow models were developed using a conventional approach i.e. Greenshield's model (1935) and the secondary f low parameter were estimated using this model. A simulation technique i.e. VISWALK was used to develop pedestrian flow models in Indian context with the real observed data. Outcomes from the simulation were compared with the real data considering developed f low models and fundamental diagrams. Validation of simulation models were checked by measuring error in terms of mean absolute error and root mean square error.
Past Studies
Simulation techniques have some limitation of the operation of a real-world system over time. It represents the operation of the system over time. Helbing and Molnar (1995) , proposed a social force model considering several forces termed as describing the acceleration towards the desired velocity of motion, reflecting the distance between pedestrians and from borders also, modelling attractive effects. They described pedestrian motion by a social force model for individual pedestrian behaviour and they observed the social force model is capable of describing the self-organization of collective effects of pedestrian behav iour realistically. Many researchers observed the pedestrian behaviour using simulation technique for developed countries (Zacharias et al., 2005; Hoogendoorn, 2003; Ishaque and Noland, 2009; Sahaleh et al., 2012) . (Zhang et al., 2009) , described the progress in simulation studies for pedestrians' with the mechanism and applicable software. Park and Schneeberger (2003) , developed a model using simulation tool which was calibrated and validated through a case study of VISSIM Simulation Model for a Coordinated Actuated Signal System. (Galiza et al., 2011) , used microsimulation approach to observe the effect of older pedestrian proportion in pedestrian flow and on the LOS criteria. Equivalent factor was developed for heterogeneous pedestrian flow using micro simulation approach instead of real data by (Galiza and Ferreira, 2013) . Legion, VISSIM, VISWALK, SimWalk, PedGo are the simulation software to study pedestrians' behaviour. VISWALK is more transparent and it provides more modification comparing with Legion for Aimsun to perform a pedestrian traffic simulation (Alexandersson and Johansson, 2013) . (Huynh et al., 2013) , modelled traffic flow at signalized intersection for mixed traffic using social force model. They stated that proposed model is more complex comparing the social force model for pedestrians. (Federici et al., 2014) , provided a checklist for the quantitative evaluation of Pedestrians in crowd modelling area in Simulation software which provide accurate results in planning of new facilities or schemes. Pedestrian behaviour model in VISSIM was included in 2006 using the model developed for pedestrians by (Helbing and Molnar, 1995 
Framework for Analysis
Flow chart of this study is provided in Fig.  1 . It shows the first stage of this analysis is data collection procedure from real world. In the next stage consists of identification of f low parameters for data extraction procedure. Then model development from the field data using flow-density relationship. Here it follows parabolic relationship which is basically Greenshield model. A lso a VISWALK model was constructed using those observed parameters. Calibration of model parameters was done by trial and error method. Validation of model was done locally (using the data extracted for same location but for different time period) and globally (using different location). After model development, values of estimated of f low parameters for real and simulated data were compared to observe pedestrian characteristics. 
Data Collection and Extraction Technique
Data were collected at peak hours to analyse the performance of pedestrians on sidewalk at North campus (Delhi) and Howrah Bridge (Kolkata). Data were collected using videographic technique and required parameters were extracted manually from the recorded videos. Measurement interval for data extraction was 30 second to extract data. Photograph of surveyed locations are shown in Fig. 2 and 3 .
Fig. 2. Sidewalk at Delhi North Campus with Google Image

Fig. 3. Sidewalk at Howrah Bridge, Kolkata with Google Image
Flow rate values were estimated in terms of pedestrians per minute per meter width (P/min/m) considering effective walkway width. Effective walkway width can be described as the width of a facility that can be effectively used by pedestrians after deducting shy away distance.
Pedestrian Flow Modelling Using Real Data
Pedestrian flow models were developed for real field data to observe pedestrian characteristics on sidewalk at North Campus (Delhi) and Howrah Bridge (Kolkata). Flow characteristics of pedestrians on sidewalks were established. Greenshield's model follows the linear speeddensity relationships. From the developed model for observed data secondary f low parameters such as free f low speed (U f ), optimum speed (U o ), optimum density (k o ), jam density (k j ) and capacity (q max ) were calculated for sidewalk. Developed models for fundamental parameters are provided in Table 1 . Estimated values of secondary flow parameters are provided in Table 2 . Computer simulation is a usef ul part of modelling real life system. Here for pedestrians VISWA LK simulation tool used to study performance of pedestrians on sidewalks in Indian context. This simulation tool was developed based on social force model which was proposed by (Helbing and Molnar, 1995) to observe the behaviour of pedestrians. Basic principle of Social force model is to model pedestrian motion as Newtonian mechanics. Total force includes social, psychological and physical forces which ultimately provides acceleration of physical parameter. The forces generated from the defined destination and from other pedestrians, obstacles and attractions. Forces were classified into three groups such as driving forces, repulsive forces and attractive forces for pedestrians' movement. The driving force helps to move in the desired direction, the repulsive forces help to avoid collisions with other pedestrians or static obstacles and the attractive forces help the pedestrian move towards attractive objects.
VISWALK Model Construction Using Real Data Sets
Model was constructed in VISWALK using VISWALK6 version (PTV AG, 2013). To measure performance of pedestrians' two features are available for instance travel time feature and measurement areas feature in VISWALK. Pedestrian types, pedestrian classes, walking behaviour and area behaviour t y pes modified in the default model. Predefined pedestrian types, men and women used for this model construction. Pedestrian composition is modified in the model using 97:3 ratio which was predefined in default model with an equal ratio of men and women. In pedestrian composition desired distribution for men and women provided from the present study. These distributions are shown in the Fig. 4 . Pedestrians can only move on the designated areas and ramps and those are drawn manually. Snap shots of VISWALK simulation run on 2D and 3D view are shown in Fig. 5 .
Fig. 4. Desired Speed Distribution for Men and Women Pedestrians
Fig. 5. 2D & 3D View of Constructed Model in VISWALK
Pedestrians and their movements can be defined by the two features, pedestrian inputs and pedestrian routes. Pedestrian inputs were created using the f low value in terms of pedestrians per hour with the pedestrian composition for each of the origins. Then routes were created, from the origin to the different destination areas. Pedestrian input was distributed from the origin to the different destinations as a static percentage for the routes. Number of pedestrians those are using a route depends on the pedestrian input and the directional ratio. Actual path between origin and destination was calculated by the software only.
Pedestrian behav iour in the model is based on social force model as Newtonian mechanics (Johansson, 2008) 
Model Validation
Model validation was done with the two criteria such as local and global validation. Loca l va lidation was done using the constructed VISWA LK model with the different hourly data collected from the same location (North campus, Delhi). For global validation of model hourly data from the different location was simulated using the calibrated values of model parameters. Sidewalk of Howrah Bridge (Kolkata) was used for global model validation. Simulated data from the constructed model were observed at 30 second measurement interval to observe relationships between speed, density and f low parameters. Developed macroscopic pedestrian flow models using the developed VISWALK model are provided in Table 4 . Observed RMSE and MAE value for speed data and f low data for local and global validation are provided in Table 5 . It can be observed that the estimated error value is less than 10. It implies that the constructed model is accepted for defining sidewalk movement in Indian condition.
It can be concluded that the established model is validated with the field observation. 
Comparison of Observed and VISWALK Simulated Models
From the developed macroscopic models, secondary flow parameters such as free flow speed (u f ), optimum speed (u o ), optimum density (k o ), jam density (k j ) and capacity (q max ) were calculated. Estimated values of secondary flow parameters for observed and simulated data are provided in Table 6 for both the locations. It shows the difference in free flow speed is 2.57% and for capacity the value is 3.72% at North campus which is very less. At Howrah Bridge also value differences less than 10% which also support the developed VISWALK simulation model to study macroscopic flow characteristics of pedestrians on sidewalks. Developed macroscopic f u nda menta l d iag ra ms (M FDs) are a lso compared w ith the graphical representation of both observed and simulated data in Fig. 6 and 7 . In figures dashed line shows the developed relationships between flow parameters for observed data and continuous line shows developed relationships for simulated data. 
Comparison of MFDs for Simulated and Observed Data (Howrah Bridge)
From this study results, it can be concluded that the existing VISWALK software is able to simulate the performance of pedestrians in Indian condition. So it is applicable to use V IS WA LK simulation tool for pedestrian f low models development in Indian context.
Conclusions
This study observed quantitative evaluation of pedestrian characteristics on sidewalks in India. Peak hour flow was observed using video graphic technique and fundamental flow parameters for instance speed, flow and density were extracted. Real data was fitted to construct VISWALK model and observe simulated data to develop pedestrian flow models for sidewalks. Required parameters were calibrated and validated using MAE and R MSE values to calibrate the model parameters and optimise the model. Simulated data were obtained from the optimized model and compared with the real field data. The variation in speed and flow data between observed and simulated. Difference in observed and simulated data is less than 10%. Observing variation between two sets of data it can be concluded that VISWALK simulated data is applicable to the real field data in Indian context but scatters in simulated data was not reflected.
